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1.
Part A: interpreting coronary CT
angiograms
1.1.

Preamble

Since the publication of the first guidelines for the interpretation and reporting of coronary CT angiography (coronary
CTA) in 2009, there have been significant changes in the scope
and utilization of this method. At that time it had only been
5 years since the introduction of 64 detector row scanners.
Since then, multiple innovations in scanner design have
occurred. Also there has been wide expansion of clinical applications of coronary CTA that are considered “appropriate
use” (including, eg, patients with acute chest pain in the
emergency department), as well as the development of new
techniques allowing for physiologic assessment from coronary CTA. Given these significant changes in technology and
scope of practice, the guidelines committee felt it necessary to
update the reporting guidelines to ensure that they were
aligned with modern clinical practice in coronary CTA. These
recommendations, like the preceding version, were developed
as an educational tool for practitioners to continue to improve
the care for patients, in the interest of developing systematic
standards of practice for coronary CTA based on the best
available data or broad expert consensus.
The Society of Cardiovascular Computed Tomography
Guidelines Committee makes every effort to avoid any actual
or potential conflicts of interest that might arise as a result of
an outside relationship or a personal interest of a member of
the Guidelines Committee or either of its Writing Groups.
Specifically, all members of the Guidelines Committee and of
both Writing Committees are asked to provide disclosure
statements of all such relationships that might be perceived
as real or potential conflicts of interest relevant to the document topic. The relationships with industry information for
Writing Group and Committee members are available in the
footnotes of this article. These are reviewed by the Guidelines
Committee and will be updated as changes occur.

2.

Introduction

2.1.
Comparison of coronary CTA to invasive coronary
angiography
Coronary CTA has important similarities to and differences
from invasive coronary angiography (ICA). Decades of research into the prognostic implications of ICA findings1e4
provide a solid basis for the classification of the coronary
tree and description of stenosis severity in coronary CTA. In
these instances, established ICA standards have been used
with minimal alteration. However, coronary CTA may also
provide information about the presence of extraluminal plaque and plaque composition that is not routinely available on
ICA without the use of intravascular imaging.5e9 Beyond the
coronary arteries, the coronary CTA data set also contains
noncoronary cardiac and extracardiac thoracic information
of importance,10e21 including myocardial, pericardial, and
valvular morphology and function as well as aortic and
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pulmonary vascular structural detail. Thus, coronary CTA
shares elements in common with echocardiography and
thoracic radiology in addition to ICA. Interpreting such a wide
breadth of information demands a systematic approach, one
that enforces attention to all anatomic structures and to the
full potential of this technology.

2.2.

Limitations of this document

In addition to its use for anatomic evaluation of the coronary
arteries, CT of the cardiovascular system is broadly applicable
to congenital heart disease, myocardial, pericardial and
valvular heart disease, and diseases of the thoracic and peripheral arteries and veins. Clearly, a single guideline covering
this wide a spectrum would not be practically useful.
For this reason, these guidelines are focused on coronary
CTA. However, an approach to interpreting and reporting of
common noncoronary cardiac and extracardiac thoracic pathology that may occur within the cardiac field of view is
discussed briefly to facilitate a more systematic and inclusive
approach to interpreting and reporting the coronary CTA
examination.

2.3.

Qualifications of interpreting physicians

Reliable interpretation of coronary angiography by CT requires
a sophisticated understanding of: (1) normal coronary and
cardiac anatomy; (2) the pathophysiology of coronary atherosclerosis and other abnormalities including congenital
anomalies; (3) the characteristic appearance of coronary artery
and cardiac lesions on CT with and without contrast; (4) the
technology and limitations of CT; (5) the use of 3-dimensional
cardiac-specific interpretation software; and (6) the ability to
identify and overcome image artifacts in the available image
data set. The development and integration of these skills requires capable instruction as well as significant experience.22,23
The currently recommended training process to attain competency in interpretation has been outlined in previous medical
specialty society statements.24,25 In addition to these specialtyspecific requirements, it is highly recommended that, in
the United States, interpreters of coronary CTA achieve certification by examination through the Certification Board of
Cardiovascular Computed Tomography or by subspecialty
examinations in this discipline provided through American
Board of Medical Specialty societies26 or international subspecialty boards, if these become available at a future date.

3.
Underlying principles of interpreting
Coronary CT Angiography studies
3.1.

Three-dimensional data sets and workstations

Coronary CT images should be acquired as isotropic submillimeter 3-dimensional electrocardiography (ECG)-gated data
sets, which facilitate reconstruction and display in a variety of
image formats.27,28 Because of the complexity of coronary
anatomy, the frequency of motion and calcium-related image
artifacts, and the morphologic subtleties of lesions,
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interpreters must review coronary CTA interactively on
cardiac-specific interpretation software platforms capable of
2- and 3-dimensional displays in all conventional reconstruction formats. These include transaxial 2-dimensional image
stacks, multiplanar reformations (MPR), maximum intensity
projections (MIP), curved multiplanar reformations (cMPR),
and volume rendering technique (VRT) reconstructions. Images are most often generated from data that may be acquired
either in retrospectively gated helical mode or prospectively
triggered sequential mode. In many cases with heart rateerelated artifacts, diagnostic quality may be improved by
additional image reconstructions at alternate times in the
cardiac cycle with reduced cardiac motion.29e33 For this
reason, skilled interpretation requires that the reading physician be trained in the recognition of correctable artifacts and
familiar with the acquisition and reconstruction process.34
Because of the potential need for additional reconstructions,
raw data files must be retained until image interpretation is
complete.

3.2.

Interpretation formats

3.2.1.

Transaxial images

Transaxial images are the basic imaging result of the scanning and reconstruction process and consist of a series of
2-dimensional images stacked in the longitudinal (cranialcaudal or z-axis) direction in which they were acquired. These
are examined directly by scrolling through the image slices but
depict coronary anatomy only from the straight caudal-cranial
perspective. A major advantage of this format is that the
image information content displays the minimum likelihood
of distortion or errors consequent to postprocessing and the
maximum resolution and gray-scale rendering.35,36 A disadvantage of this format is that it requires the reader to mentally
reconstruct the 3-dimensional anatomic relationships of the
arteries and other structures in the thorax, as the data are
displayed in 2 dimensions and from 1 point of view. In addition, when viewing transaxial images, the thickness of each
slice is determined by the reconstruction width and is not
variable, so tortuous arteries will move in and out of plane,
requiring more skill from the interpreter to follow the course
of a given vessel. Properly setting the window level and window width is critical for accurate interpretation to differentiate contrast-containing lumen from calcified plaque and to
preserve the gray-scale subtlety needed to distinguish intramural noncalcified plaque from the interstitium.37e39 In general, the window level should be at the mean of the Hounsfield
unit (HU) values; an initial window width of 800, and a level of
300 is a useful starting point, but the interpreter should make
readjustments for body habitus, extent of calcification, and
contrast intensity.

with cranial angulation, can reproduce familiar invasive
angiographic views. Most workstations will allow interpreters
to simultaneously scroll through views of 3 orthogonal oblique
MPRs. In addition, it is easy to rotate the region of interest,
while the window width should be about 2.5 times the level. As
a routine, the interpreting physician should rotate the vessel
on its longitudinal axis through 360, or page through transverse MPRs through the vessel. These maneuvers are useful in
delineating the morphology of plaque and its effect on the
lumen and adjacent vessel wall.32,36 In general, the smallest
available slice width is used in MPRs to optimize image quality, unless signal-to-noise requires an increase in slice width
to preserve interpretability.

3.2.3.

3.2.4.

Multiplanar reformation

MPR is an alternative high-resolution reconstruction format
that allows display of planar images at any angular section
through the acquisition volume, which permits visualization
in not only the axial plane, but also the orthogonal (coronal
and sagittal) or oblique planes that better follow the arterial
course in the thorax. In addition, arbitrary planes intersecting
the volume at favorable angles, such as right anterior oblique

Curved Multiplanar Reformation

The cMPR format was developed to allow the interpreter to
follow the course of a tortuous vessel for longer distances as it
changes direction.40,41 The image is created by tracing the
centerline of the artery and producing an MPR along the
curving path of the centerline. This requires that the centerline of the vessel be tracked correctly, which can be done
manually or automatically. cMPR has the advantage of producing a view of the entire course of the vessel in 1 image and
providing a longitudinal and cross-sectional view at any point
in its course. It is a highly processed modality and has the
potential to produce artifactual lesions unless carefully used
by experienced users. It is considered an optional supplement
to other formats that should not be used in isolation.

3.2.5.
3.2.2.

Maximum Intensity projection

MIP41,42 is similar to MPR in that orthogonal or oblique planes
can be reviewed interactively. They differ in that generally,
MIP is created in thicker sections, chosen to incorporate a
volume that includes the entire vessel lumen and wall diameter (commonly 5 mm as an initial thickness for coronary
interpretation). The intensity of each voxel is set at the
maximum HU value along its line of intersection in the slab
volume between the tube and detectors.37 These features
allow the reader to visualize a longer segment of a vessel’s
course and tend to reduce perceived image noise. However,
because of the assignment of maximum intensity value to
each voxel, there is loss of lesion information within the slab
volume, as the MIP does not provide in-depth information
or attenuation detail within the slice.43 Consequently, MIP
should never be the sole technique used for interpretation. In
general, MIP images are useful for identifying some artifacts,
the origin and course of vessels, and the presence and position
of lesions but should not be used in isolation to assess stenosis
severity or plaque composition because of the aforementioned limitations.

Volume-rendering technique

Another technique in common use is VRT, which creates
volumetric 3-dimensional representations with the illusion of
spatial integrity and color. It is generally not useful for the
assessment of coronary stenosis because the apparent thickness of the vessel lumen is dependent on window settings and
the computer algorithm that is used to subtract nonvascular
structures.41 VRTs are useful for visualizing spatial relationships, such as defining the course of coronary anomalies and
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the presence and course of coronary bypass grafts. This
technique finds much more use in the analysis of thoracic
cardiovascular anatomy, in congenital heart disease, and for
teaching purposes and illustrations for patients.
Tables 1 and 2 summarize the key underlying principles of
interpreting coronary CTA.

4.
Noncontrast coronary interpretation:
coronary calcium scoring
A preliminary noncontrast examination for coronary artery
and other cardiac structural calcification is routine in many
centers but not in others where it is constrained to risk
assessment in asymptomatic individuals. The use of prospective triggering and other factors reduce radiation with
the calcium score, and the increase in radiation exposure
(generally 0.5e1.5 mSv) must be weighed against the value of
additional quantifiable information gained.42e48 The noncontrast examination requires independent interpretation
and reporting and should include examination of the entire
cardiac field, including valves and pericardial surfaces.
Calcium-scoring computer programs generally identify pixels
that exceed 130 HUs as a level corresponding to calcium on a
noncontrast study.49,50 The reader needs to identify each
lesion (discrete calcific focus) in each vessel distribution (right
coronary artery, circumflex, left main and left anterior
descending). The summed score for each vessel is generated
by the scoring program based on either an area-density
(Agatston score)49 or volumetric51 measurement of each calcified focus. The mass score52e54 is less commonly used in
clinical practice. Because there are no current validation data
for this measure (no nomograms, outcome studies, histology
studies, and so forth), the use of mass score should always be
accompanied by reporting of the more traditional (and clinically understood) Agatston score. The same cautions pertain
to other proposed methods for calcium scoring.55e58 The total
coronary calcium score is the sum of all calcific lesions in all
coronary beds. Excluded from the total coronary calcium score
is calcium in the aorta, aortic valve, mitral annulus or valve,
and pericardium or myocardium.

Table 2 e Recommended image post-processing formats.
Format
 Axial image review
 Multiplanar reformation image review
 Maximum intensity projection image
review
 Curved multiplanar reformation image
review
 Volume-rendered reconstructions

Recommended
Recommended
Recommended
Optional
Consider under
limited circumstances

Reporting of the calcium score is somewhat dependent on
reader preference, but at the minimum, the total calcium
score should be reported as well as the percentile as compared
with age and gender nomograms.59 Also, calcium in the other
portions of the heart should be noted (but not quantified).
Aortic valve, mitral annulus, and aortic wall can be semiquantified (mild, moderate, or severe calcification) as a preferred but optional reporting method, as these measures may
have independent prognostic and diagnostic value.
Table 3 summarizes the required and optional reporting
elements for a coronary calcium noncontrast CT report.

5.
Coronary artery angiography
interpretation
5.1.

Examination of image quality

Because of the constant motion of the heart and the intrinsic
limitations of CT, artifacts due to motion, calcification and
metallic densities, image noise, and poor contrast enhancement all may degrade the quality of the study as well as
simulate or obscure coronary stenoses.60e62 This is sufficiently common to require identification of artifacts before definitive image interpretation.

Table 3 e Required and optional reporting on coronary
calcium noncontrast CT.
Report

Table 1 e Underlying principles of coronary CT
angiogram interpretation.
 Interpretation should be made on 3-dimensional cardiac-specific
interpretation software equipped to display recommended
image reconstruction formats
 Images should be reviewed in the appropriate post-processing
formats (Table 2)
 Interpreters should be prepared to customize image
reconstructions if necessary
 The data set should be previewed for artifacts
 Noncontrast studies should be reviewed before contrast studies
 The coronary tree should be examined systematically
 Lesions should be reviewed in multiple planes and
conceptualized in 3 dimensions
 Lesions should be assessed for extent, quality, and morphology
of plaque, not just for stenosis severity
 Extracoronary cardiac and thoracic anatomy should be
examined within the cardiac field of view

Required
Agatston score for total study (sum of 4 vessels)
Agatston score percentile based on age and sex normogram
(representative cohort for population being evaluated should
be considered)
Presence of calcium in aortic wall, aortic valve, mitral annulus/
valve, pericardium, and myocardium
Noncardiac structures (pleural effusions, pulmonary nodules,
mediastinal abnormalities, and so forth)
Optional
Agatston score for each vessel
Further delineation of calcium score by branches (posterior
descending, diagonals)
Number of lesions: per vessel and total
Volumetric or mass score: per vessel and total
Aortic valve calcium score
Dilated chambers or total heart enlargement
Pericardial effusions/thickening/pericardial fat
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Reconstruction artifacts

“Stairstep artifacts” have been recently renamed as misalignment artifacts63 and are because of the motion occurring
between the reconstruction of sequential heartbeats. This
motion can be due to breathing, gross body motion, or irregularity of heart rate causing gating at different points in the
cardiac cycle. As a consequence, anatomy in the longitudinal
direction may abruptly shift midvessel and emulate a vessel
stenosis, particularly in the axial view. Coronal and sagittal
planes are perpendicular to the table travel and make these
more obvious. Customized reconstructions at a different cardiac phase may be successful by either adjusting the phase of
reconstruction or removing data from undesirable beats (such
as premature contractions). Artifacts due to breathing or body
motion are distinctive because they affect the bones of the
anterior or lateral chest wall in addition to the coronary
arteries; these are less likely to be correctable by additional
reconstructions. Motion occurring within a single heartbeat
reconstruction will cause blurring of the vessel and may be
correctable by alternative reconstructions.

5.1.2.

Metal density artifacts

Metal density artifacts include beam hardening, blooming, and
streaking. Dark beam-hardening artifacts may simulate noncalcified plaque in proximity to calcifications, and blooming
artifacts commonly make calcified plaque and stents appear to
narrow the lumen more than they actually do.

5.1.3. Reduced signal-to-noise and low vessel contrast
intensity
Image quality may be impaired by poor signal to noise, which
can be because of obesity, improper scan parameters (low
tube output for a given body size), or reconstruction during a
part of the cardiac cycle with reduced tube current from
electrocardiography-guided tube modulation. Low contrast
intensity may be secondary to improper image acquisition
timing or slow contrast injection.

5.2.

Coronary artery interpretation

The guiding principles of interpretation include: (1) systematic
review of each coronary segment from multiple planes and in
transverse section; (2) awareness of relevant artifacts; (3)
evaluation of lesion morphology and composition; and (4)
assessment of stenosis severity using high resolution images
(including MPR format) in views both longitudinal and transverse to the vessel. An image review in the coronal and sagittal
planes may aid in the identification of artifacts. Many experienced readers will review the arterial tree in detail, beginning in the axial (caudal) view as the transaxial data are more
robust, as they are the least processed (Table 4).

This model has been adapted for coronary CTA with minimal
alterations for clarity. An axially based version of this standard model is displayed in Figure 1, which has been altered
to more closely emulate CTA views than the standard views
obtained during ICA that were used in the original publication. In addition to combining the 3 standard invasive
angiographic views into a single-axial view, this model varies from the 1975 standard AHA segmentation in the
following ways: a left posterolateral branch is identified as
segment 18, and a ramus intermedius branch has been
added as segment 17. An optional alternative segmentation
model is the 28 segment that was used in the Myocardial
Infarction and Mortality in Coronary Artery Surgery Study64
(Table 5).

5.4.

The coronary tree should be initially examined for the course
and branching of the main coronary vessels and subbranches. Coronary anomalies should be examined with
regard to their origin, course, and relationship to important
structures such as the cardiac chambers, aorta, pulmonary
artery, and interventricular septum.
The lumen of the coronary arteries should be examined for
overall caliber and smoothness. Variations in CT density
within the mural and intraluminal portions of the coronary
artery should be noted and compared with the adjacent
interstitium, contrast-containing lumen, and calcific densities
such as bone or calcified plaque. Atherosclerotic lesions should
be considered in relationship to their segmental position to
determine the overall myocardium risk. The impact of luminal
plaque should be evaluated in terms of resultant maximal
percent diameter stenosis. Other measures such as minimal
luminal area and percent area stenosis are additive but are not
required. Because coronary CTA can visualize intramural
presence of positively remodeled plaque and differentiate
calcific, noncalcific, and partially noncalcified63 plaque, these
attributes should also be examined and reported in a
segmental fashion. Description of plaques as “noncalcific” is
preferable to “soft” or “lipid rich” as low CT density (HU) levels
do not necessarily correlate closely with anatomic pathology
or biochemistry. It is recommended that features of plaque
morphology such as ulceration, dissection, and fissuring be
noted when image quality is sufficient. Optional additional
plaque modifiers include “ostial”, “branch”, “long”, and “positive remodeling”. Other entities such as coronary aneurysms
should stimulate investigation of other associated vascular pathology in the noncardiac thoracic portion of the
examination.

5.5.
5.3.

Analysis of coronary artery anatomy and pathology

Qualitative assessment of stenosis severity

Coronary segmentation

A standardized approach to coronary segmentation improves description and communication of findings. The
standard American Heart Association (AHA) segmentation1
initially proposed in 1975 has stood the test of time and
has been used in many long-term outcome studies relating
the location of stenoses to major adverse coronary events.

The ultimate objective of the interpretation is to convey
diagnostic information to the treating physician with as much
clarity and accuracy as possible. This requires an understanding by the ordering physician and the coronary CTA
reader of the strengths and limitations of coronary CTA as
well as how it differs from invasive angiography’s luminal
information and from functional tests that directly test
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Table 4 e Components of comprehensive-gated contrast-enhanced cardiac CT reporting.
Section
Clinical data
General
Demographics
History
Procedure data
Description
Equipment
Acquisition

Reconstruction
Medications
Patient
parameters
Results
Technical quality

Specific component(s)

Necessity

Indication or reason for test, procedure date
Name, date of birth, sex, referring clinician
Height, weight, BMI
Symptoms, risk factors, relevant diagnostic test results

Required
Required
Recommended
Recommended

Test type (eg, coronary CT angiography, calcium scoring, ventricular function, pulmonary vein,
other)
Scanner type: number of detectors, number of x-ray sources, z-axis coverage
Scan mode, ECG-synchronization, use of dual energy
Tube potential, tube current, dose modulation (if used)
Dose-length product
Scanned or reconstructed phase of the cardiac cycle
Slice thickness, slice increment, reconstruction filter
Beta-blockers, nitroglycerin, type and volume of contrast or any other, if given
Contrast injection rate
Complication(s), if present
Heart rate, heart rhythm other than sinus rhythm, arrhythmia, if present

Required
Recommended
Recommended
Recommended
Recommended
Recommended
Optional
Required
Optional
Required
Recommended

Overall quality
Presence and type of artifact and effect on interpretation
Calcium score (if calcium scan performed)
Coronary anatomy: coronary dominance, anomalies (origins and course), dilation/aneurysms,
(benign) anatomical variance, myocardial bridging
Stenosis location and severity
Uninterpretable segments, arteries, or overall study.
Stenosis plaque type: Calcified, predominant calcified, noncalcified, predominant non-calcified,
outward remodeling
Stenosis extent: length, ostial, or branch involvement, positive remodeling, tortuosity
Use of SCCT stenosis severity classification
Use of SCCT axial coronary segmentation model
Calcium score percentile based on database representative of the cohort being assessed (if calcium
scan performed)
Use of AHA or CASS coronary segment model
Prior PCI: location of stents, interpretability, patency
Prior CABG: type, location, course and anastomoses of bypass grafts, interpretability, patency,
stenosis

Required
Recommended
Required
Required

Abnormalities of aorta, vena cavae, pulmonary arteries, pulmonary veins, if present
Abnormal chamber dilation, masses, thrombus, shunts, and other structural disease, if present
Ventricular and atrial sizes and volumes. (if function data obtained)
Left ventricular ejection fraction (if functional data obtained)
Myocardium
End-diastolic left ventricular wall thickness
Evidence of myocardial infarctiondhypoperfusion, LV thinning (aneurysm), intramyocardial fat or
calcifications
Pericardium
Abnormal thickness, calcification, effusion, if present
Valves
Abnormal aortic and mitral valve calcification, thickness, stenosis, incomplete closure, if present
and required cardiac phases available
Prosthetic valves: type and location of replaced valves, pannus, thrombus, evidence of restricted
mobility
Other
Devices: type and location of ICD/PM wires, abnormalities
Noncardiac
Abnormalities in lungs, mediastinum, esophagus, bony structures, chest wall, etc, if present
Impressions and conclusions
Images
Coronary interpretation
Abnormal noncoronary cardiac findings
Abnormal noncardiac findings
Correlation to other or prior cardiac studies
Documentation of communication to referring physician for urgent finding(s)
Clinical recommendations
Representative images of identified pathology

Required
Required
Optional
Recommended
Recommended

Coronary

Prior cardiac
procedures
Noncoronary
Vessels
Cardiac
chambers

Required
Required
Recommended

Recommended
Recommended
Optional
Optional
Required

Required
Recommended

Required
Required
Required
Required
Required
Recommended
Recommended
Optional
Optional

AHA, American Heart Association; BMI, body mass index; CABG, coronary artery bypass grafting; CASS, Coronary Artery Surgery Study; ECG,
electrocardiography; LV, left ventricle; SCCT, Society of Cardiovascular Computed Tomography.

348

J o u r n a l o f C a r d i o v a s c u l a r C o m p u t e d T o m o g r a p h y 8 ( 2 0 1 4 ) 3 4 2 e3 5 8

Fig. 1 e Society of Cardiovascular Computed Tomography (SCCT) coronary segmentation diagram. Dashed lines represent
division between RCA, LAD, and LCx and the end of the LM. PLB, posterior-lateral branch; PLV, posterior left ventricular
branch. Definitions derived and adjusted from the report by Austen et al.1 The abbreviation and description for each
segment can be found in Appendix 1. 2009. Society of Cardiovascular Computed Tomography.

myocardial perfusion or its effects. For example, intramural
plaque may be visible without luminal stenosis, which would
be grade 1 in the qualitative and quantitative scales mentioned in the following text. Also, interpretation may convey
the reader’s expert opinion on the potential pathophysiologic
importance of a lesion. In addition, the reader should specifically state if an artery or artery segment is not interpretable
and why. The following qualitative descriptors and their corresponding meaning are recommended:
0dNormal: absence of plaque and no luminal stenosis
1dMinimal: plaque with negligible impact on lumen
2dMild: plaque with mild narrowing of the lumen.
3dModerate: plaque with moderate stenosis that may be
of hemodynamic significance
4dSevere: plaque with probable flow limiting disease.
5dOccluded

5.6.

Quantitative assessment of stenosis severity

Quantification of the luminal stenosis, area stenosis, and
plaque extent is available using digital tools and may assist
interpretation, but current technology has not demonstrated

sufficient reproducibility or accuracy in predicting ICA findings to make such measurements a routine requirement.
Studies65e68 have reported that coronary CTA quantification of
lesion severity in terms of percent maximal diameter stenosis
has good general correlation with quantitative invasive angiography and intravascular ultrasound, but with a relatively
large standard deviation. These comparative studies suggest
that, at a 95% confidence limit, coronary CTA currently predicts quantitative invasive angiography to within 25% at the
best. Although future technical developments may improve
the precision of stenosis quantification, at the present time, it
is recommended that arterial segments be described within
broad stenosis ranges.67,69 Including quantitative ranges with
qualitative descriptions ensures that coronary CTA reporting
is compatible with familiar ICA lumen categories and adds
clarity to purely qualitative terms (eg, “moderate”) which
often have variable meaning to those receiving these reports.
An example of such a description might be “in the proximal
segment of the left anterior descending artery there is a noncalcified plaque causing moderate luminal stenosis in the
range of 50% to 69%.” There are 2 quantification ranges in
common use.69,70 The first listed in the following text is the
recommended stenosis grading scale.
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Table 5 e Alternative coronary artery segmentation
model (CASS Principle Investigators and their associates.
Myocardial infarction and mortality in Coronary Artery
Surgery Study [CASS] randomized trial. N Engl J Med.
1984;310:750e75853).
Segment
RCA, proximal
RCA, mid
RCA, distal
PDA
RPAS
RPL1
RPL2
RPL3
RPL4
RV
Left main
LAD, proximal
LAD, mid
LAD, distal
Diagonal 1
Diagonal 2
Septal
Left circumflex, proximal
Left circumflex, distal
Obtuse marginal 1
Obtuse marginal 2
Obtuse marginal 3
LPL1
LPL2
LPL3
Left PDA
Ramus (optional)

CASS number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
27
28

LAD, left anterior descending artery; LPL, left posterolateral; PDA,
posterior descending artery; RCA, right coronary artery; RPAS, right
posterior atrioventricular segment; RPL, right posterolateral; RV,
right ventricle.

Recommended stenosis grading
0dNormal: absence of plaque and no luminal stenosis
1dMinimal: plaque with <25% stenosis
2dMild: 25% to 49% stenosis
3dModerate: 50% to 69% stenosis
4dSevere: 70% to 99% stenosis
5dOccluded

5.7.

Total occlusions

Because the method of delivery of contrast (intravenous vs
direct interarterial) and the timing of imaging (20e30 seconds
after injection) is so different from ICA, it should be understood that chronic or acute total coronary occlusions may
show a substantial amount of contrast distal to the occlusion,
even when ICA does not reveal collaterals. A limited number
of studies71e73 suggest that the length of the segment without
intraluminal contrast enhancement in CT is somewhat predictive of total vs subtotal occlusion. The degree of calcification within the totally occluded segment provides useful
information regarding the likelihood of success if percutaneous coronary intervention (PCI) of a chronic total occlusion
is attempted.

5.8.
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Bypass grafts and stents

There is extensive evidence that evaluation of coronary
bypass grafts by coronary CTA is highly accurate in predicting
the findings on ICA.74e78 The location and anastomoses of
bypass grafts should be described in addition to the location
and severity of stenoses.
The evaluation of lumen patency inside stents is possible
in most cases,79e84 but the evaluation of in-stent stenosis is
highly dependent on stent size and composition. The presence of contrast distal to a stent is not a definitive sign of
patency; in such cases, it is the reduction of contrast inside the
stent lumen in distinction to the vessel beyond the stent that
provides the most useful information. Recent technological
advancements that have improved spatial resolution have
allowed for improved evaluation of coronary stents.85 In
addition, with the recent introduction of bioabsorbable stents
and radiolucent scaffolds86,87 the ability to assess patients
after PCI with multidetector CT is a moving target.

6.

Noncoronary cardiac findings

Noncoronary cardiovascular structures within the field of view
of routine CCTA include the pericardium, cardiac chambers,
interatrial septum, interventricular septum, atrioventricular
valves, ventriculoarterial valves, pulmonary arteries, pulmonary veins, thoracic aorta, imaged aortic branch arteries,
and central systemic veins. Left ventricular and left atrial
myocardial walls and chamber cavities are uniformly opacified in standard CCTA and should be examined for
hypertrophy, dilation, thinning, hypodense enhancement,
masses, and congenital anomalies. Depending on the contrast
infusion protocol, right-sided chambers and walls may also be
suitable for interpretation. Shunting between the atria, or
ventricles, may be visible depending on the contrast injection
protocol and should be mentioned. Measurement and reporting of chamber and wall dimensions is considered optional but
can easily be done with standard workstations.88e95 It should
be recognized that most contemporary scan protocols do not
include the true end-diastolic phase, and mid-diastolic or endsystolic measures of ventricular cavity size and wall thickness
may not be representative.96e98 Depending on the nature of
acquisition, multiphase reconstruction of these structures
may be available to permit dynamic display of ventricular,
atrial, and valvular structure and function in 4-dimensional
(cine-CT) formats. A morphologic assessment of the valves
may be appropriate, including calcification, thickening, or
other structural abnormalities. Depending on the displayed
cardiac phase, morphologic evidence, valvular stenosis, or
even regurgitation may be present.99e101 Reporting of regional
and global left ventricular function and valvular pathology
may be appropriate depending on clinical indications and
availability of prior knowledge from previously performed
(imaging) tests dedicated to this task.102,103

6.1.

Myocardial enhancement by cardiac CT

Myocardial CT enhancement patterns can and should be
assessed during performance of routine coronary CT
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angiography. During the arterial phase of a CCTA study,
hypodense areas within the myocardium can represent
decreased myocardial perfusion as a result of (prior) myocardial infarction or severe obstructive coronary artery disease,
but can also be the result of beam-hardening artifacts. There
is now extensive literature validating the use of rest myocardial CT perfusion for detection of myocardial infarct. Old
myocardial infarcts are characterized by ventricular wall
thinning, hypoenhancement, left ventricular remodeling and/
or presence of calcifications, and wall thrombus. There are
important considerations for correct interpretation of the left
ventricular myocardium as follows104e108:
1. Reconstructions in the cardiac planes (short-axis,
4-chamber, and 2-chamber views) with primary interpretation using the short-axis view.
2. Use of 5- to 8-mm thick averaged MPR reconstructions to
improve the detection of hypoenhanced areas in the
myocardium. Alternatively, minimum intensity projection reconstructions can be useful. Maximum intensity
projection reconstructions must be avoided for assessment of myocardial enhancement because of the potential masking of perfusion defects.
3. A narrow window width and window level is recommended (eg, window width 200 and window length 100) to
improve the detection of perfusion defects
4. Typical locations for artifacts due to beam-hardening are
the basal inferolateral wall and the left ventricular apex
5. Multiple phases of the cardiac cycle should be used if
available to differentiate a true perfusion defect from
artifacts. The true perfusion defect will persist in several
phases of the cardiac cycle while artifacts may vary in
presence and location
6. Comprehensive evaluation of myocardial enhancement,
function, and coronary anatomy should be performed if a
multiphase data set is available (eg, retrospectively gated
acquisition). This will allow the detection of a perfusion
defect in the same location of an area of regional wall
motion abnormality and will help in the differentiation of
beam-hardening artifacts. In addition, a true regional
perfusion defect will be unlikely in the absence of
obstructive coronary artery disease or prior revascularization procedure (stent or bypass graft).
7. A second CT scan may be performed 5 to 10 minutes after
coronary CTA to demonstrate hyperenhancement in a
region of prior myocardial infarction, preferably using
dose reduction techniques.
The coronary CTA scan can be complemented by a
myocardial perfusion scan to assess the hemodynamic significance of angiographic coronary artery disease. Myocardial
CT perfusion imaging is performed by imaging the heart during pharmacologic vasodilation, that is, the administration of
adenosine, regadenoson, and dipyridamole. Hypoenhancement of myocardium during vasodilation indicates myocardial ischemia. There are growing data from both several
single-center studies and, most recently, multicenter trials
which indicate that stress CT perfusion is noninferior to single
photon emission CT myocardial perfusion imaging to detect
myocardial ischemia and infarct.109e111 In case of a single scan

during vasodilation, the same principles described previously
apply for the interpretation of stress myocardial CT. Alternatively, myocardial enhancement can be imaged in a dynamic
fashion, in which case enhancement of the myocardium is
imaged during a sequence of scans. Dynamic CT perfusion
protocols allow for calculation of absolute blood flow in the
myocardium, and have shown good correlation in comparison
to invasive fractional flow reserve.112,113

7.

Extracardiac structures

By nature of the imaging technique and coverage, noncontrast
calcium scoring and coronary CTA also display portions of
noncardiovascular thoracic and upper abdominal anatomy,
including the mediastinum, hilum, airway, lung parenchyma,
pleura, chest wall, esophagus, stomach, liver, spleen, and
colon. Review of all visible noncardiovascular structures is
important for 2 principal reasons: (1) recognition of primary
and secondary comorbid pathology, and (2) identification of
findings that lead to alternative noncardiovascular diagnoses.
Until recently, there were limited data supporting the benefit
of incidental nodule detection and chest CT with management decisions guided by consensus opinion.112 The National
Lung Screening Trial has provided clear evidence of lung
cancer mortality reduction with CT screening of high-risk
patients (age 55e75 years with >35 pack-years smoking history).113 The Committee recommends that all structures
within the reconstructed cardiac field of view be examined
and that if abnormalities are noted, additional reconstructions and/or expert consultation are requested as clinically warranted. In addition, given the new data supporting
screening of those at high risk for lung cancer with MDCT that
patients that would otherwise meet, the National Lung Cancer
Screening Trial inclusion criteria have the entire field of view
reviewed for potential pulmonary abnormalities.

8.

Part B: reporting cardiac CTA

8.1.

Preamble

This document is intended to identify critical factors
involved in effective and thorough reporting of cardiac CTA
studies so that it may serve as a standard for cardiac CT
programs.

9.

Introduction

The final task in performing a coronary CTA procedure is
preparation of a written report. As this is often the only
document that the referring physician will see, it is of
critical importance. The principal purpose of the report is
to communicate the findings and their clinical implications.
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10.

Structured reporting

10.1.

Introduction

Structured reporting is increasingly recommended to assure
quality and consistency from site to site and physician to
physician. Without structured reporting and consistent
terminology, physicians receiving results from different
interpreting physicians (even from the same institution)
may perceive differences in the results based solely on differences in reporting structure and terminology, rather than
actual differences in scan findings. More uniform reporting
and terminology eliminates some of the inherent differences, minimizing an important source of interscan or interreport variability. Key report elements are less likely to be
omitted in a structured report where all elements are listed
systematically within a standardized template. Standardized reports can convey similar information despite differences in interpreter background or training and improve
reporting consistency throughout and across institutions.
Referring physicians have access to a document in which
pertinent results are in an expected location and described
in standard defined terminology. In addition, data review
may be facilitated by linking entries in structured reports to
data cells in electronic medical records. Although the final
output of structure reporting need not be the same from site
to site, structured reporting would ensure that all required
elements for clear, consistent, and complete description of
findings needed for patient care are contained within the
report.

10.2.

Overview of report components

The components of the report include indication(s) for procedure, patient clinical data, technical procedure information
(image acquisition data), image quality, clinical scan findings,
interpretation, and, when appropriate, clinical recommendation(s).

10.3.

Indications

The specific reason for ordering the test should be identified
and documented. This section should include symptoms and
applicable ICD-9 code (beginning in October first 2015, ICD-10
code) or other information relevant for billing. Major categories of indications for the study include (1) evaluation of
coronary arteries for atherosclerosis or anomalies; (2) evaluation of noncoronary pathology including the great vessels,
chambers, myocardium, valves, or pericardium; (3) evaluation
of cardiac chamber function, including ejection fraction and
chamber volumes; (4) evaluation of low-to-intermediate risk
symptomatic patients presenting with symptoms of stable
angina or acute chest pain; and (5) discordant or inconclusive
stress tests.

10.4.

Clinical data

Selected clinical information is important to include in the
report as it may help the clinician to understand the clinical
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relevance of various findings identified on the coronary CTA.
Clinical data should include demographics such as patient
age, gender, body mass index, procedure date, and referring
physician. Clinical history should include pertinent cardiac
history, nature and status of symptoms, coronary risk factors,
medications (optional), prior tests and procedures (such as
location and extent of ischemia on prior stress testing), and
any clinical risks for contrast administration. Table 4 provides
a summary list of clinical data elements.

10.5.

Procedure

The procedure section of the report can be divided into 2
major categories: “image acquisition” and “image reconstruction.” Many aspects of image acquisition should be
documented in the report, including the type of study or
studies, equipment, technical acquisition protocol(s), type,
amount and timing of contrast or other medications, some
measure of the radiation dose, and clinical parameters during
the procedure, including heart rate and any complications.
Current types of studies include calcium scoring, coronary
CTA, but contrast-enhanced cardiac CT may also be performed to image the pulmonary veins, the cardiac veins, the
left ventricular outflow tract, congenital heart disease, or
other cardiac morphology. Description of the equipment
should include, at minimum, the scanner type (64-slice,
128-slice, 256-slice, 320-slice, or dual-source CT). Description
of the technical acquisition protocol should include the mode
of data acquisition and ECG synchronization: retrospectively
ECG-gated spiral or helical acquisition, prospectively ECGtriggered axial acquisition, or prospectively ECG-triggered
high-pitch spiral or helical acquisition. Reporting of the
method of scan triggering relative to contrast injectiondbolus
tracking or test bolusdis optional. In addition, the tube current, tube potential, use of any radiation-reduction strategies,
and the dose-length product should be included. Finally,
it is important to include the heart rate and presence of
arrhythmia at the time of image acquisition. Any adverse
effect from contrast or beta blocker administration and subsequent treatment should be described in detail.
A variety of technical elements regarding image reconstruction can be optionally included in the report and are
described in Table 4.

10.6.

Results

10.6.1. Technical quality
It is important to describe the overall study quality and any
significant artifacts that may have affected interpretation, so
that the clinician can understand how reliable and accurate
the results are. Although there are no standard statements for
overall study quality, a scheme such as excellent, good,
average, and poor is recommended. If present, inadequacy
of overall contrast concentration or contrast opacification
should be noted. Noise or signal-to-noise ratio may be
measured quantitatively in a region with expected tissue
homogeneity as the standard deviation of HUs. It is also
acceptable to qualitatively report the noise as mild, moderate,
or severe, although there is no standardization of these terms.
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The artifacts specific to cardiac CT should be included in
the report. Artifacts such as longitudinal misalignment or
phase inconsistency (patient movement, ECG misregistration,
arrhythmia), motion blurring, beam hardening, metal, or
calcium-related partial volume artifacts should be noted.
Whenever a certain section or sections of the coronary tree is
or are not interpretable because of artifact, it must be clearly
stated in the report.

10.6.2. Clinical scan findings
The clinical scan findings or results of the study should be
reported in a format which the clinician can easily review.
Three broad categoriesdcoronary findings, noncoronary
cardiac findings, and noncardiac findingsdare important to
include in the report. If acquired, findings from the coronary
calcium scan (coronary calcium score) and functional data
should be reported when available.
A complete report of the noncoronary cardiac structures
should include abnormalities of the following: (1) great vesselsdaorta (including diameter of the ascending and descending thoracic aorta), vena cavae, pulmonary arteries, and veins;
(2) cardiac chambersdsize and volume, morphology (aneurysm,
diverticulum), and masses; (3) myocardiumdhypertrophy,
thinning or aneurysm, and infarction; (4) valvesdthickening,
calcification, and masses; (5) pericardiumdthickening, effusion,
and calcification. More detailed findings may be included in the
report as needed.
Results from any reconstructed functional data, such
as ejection fraction, chamber size or volumes (if measured),
and any other significant abnormalities, should be included. Report of the calculated myocardial mass is considered
optional.
Coronary anatomy should be described in terms of left or
right dominance and includes potentially relevant variance
(absent left main, myocardial bridging). Coronary anomalies
should be described in terms of the origin, course, lumen
caliber, and termination. If coronary disease is present, stenosis
severity, plaque morphology, and extent should be described.
Stenosis severity may be described qualitatively (eg, mild,
moderate, severe, or occluded) or preferably with an estimated
percentage of diameter obstruction, as detailed in part A.
Plaque type should be described as calcified, predominant
calcified, noncalcified, predominant noncalcified, or partially
noncalcified. Calcium score quantification should be included
when available as per the recommendations mentioned previously. Other morphologic descriptors of a stenotic lesion,
such as extensive length, bifurcation or ostial involvement,
location in a tortuous segment, eccentric position, apparent
dissection or ulceration, and positive remodeling may also be
appropriate. In case of planned recanalization, a detailed
description of completely occluded vessels will include stump
morphology, the presence of side branches, the presence of
calcium especially at the entry site, overall degree of calcification, tortuosity, and estimated occlusion length. Reporting
of HUs in the plaque is discretional; it must be recognized that
significant overlap exists between lipid and fibrous material,
making interpretation of plaque HU problematic.
Classification of coronary disease into different segments
should be included into the report. The AHA coronary segmentation model1 is widely used. The Society of

Cardiovascular Computed Tomography has adopted a modification of this model in axial presentation, potentially better
suited to clarify variations of distal right and circumflex coronary arterial anatomy, as noted in section 4.3 of part A.
If bypass grafts are present, the number of grafts and
identified graft stumps must be described Whenever possible,
each graft should be defined as arterial or venous (this detail
may be obtained from a prior operative or invasive angiographic report). The origin and insertion(s) of each graft must
be described. Any significant stenotic pathology should be
reported in similar fashion as the native coronaries. Patency
of the proximal and distal anastomosis of each graft as well as
the distal runoff vessels should be specifically documented. In
case of planned (redo) cardiac surgery, a detailed description
of the location of patent grafts relative to the chest wall is
required. In most circumstances, comparing cardiac CT
bypass graft findings to the most recent available operative or
invasive angiography report is recommended.
If coronary stents are present, their location, interpretability, and the presence of obstruction should be described
explicitly. When interpretable, stents should generally be
described as having mild in-stent re-stenosis (<50%), significant in-stent disease (50%e99%), or stent occlusion.

10.7.

Impressions

The impressions section is critically important and should be
prominently displayed in the report. All clinically important
findings should be summarized in this section in as clear and
standardized fashion as possible. Clinical certainty or uncertainty of the findings should be communicated. For example, a
coronary stenosis of unclear clinical significance might be
stated as such and recommendations on further workup for
the clinician may be appropriate. When making clinical recommendations, the reporting physician needs to be aware of
the study indications and level of cardiac CT familiarity of the
referring physician. Such recommendations may vary based
on the background of the reader, local custom, and needs of
the referring physician and the patient. If a particular clinical
question was posed, the impression section should answer
that question if possible.
“Normal” in reference to the coronary arteries should be
used only when there is no evidence of any coronary artery
disease (ie, normal lumen and no plaque). Segments containing nonobstructive atherosclerotic plaque should not be
described as normal.

10.8.

Images

Attaching representative images of normal anatomy and
important pathology imported from the workstation is recommended. Although such images often do not fully represent the pathology when seen at the time of interpretation,
they serve as important reference points for the referring
physician and the interventional cardiologist. For referring
physicians not familiar with workstation image display,
curved multiplanar reconstruction and maximal intensity
projection images of coronary arteries may be preferable to
MPR. Images accompanying the report should be adequately
labeled so the referring clinician can understand the anatomy
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being displayed. A picture included in a report may be worth a
thousand words and help the clinician explain the treatment
options to the patient.

11.

Timeline for report distribution

Documentation of the date of electronic or physical signature
should be included in the report. It is recommended that all
potentially life-threatening findings are reported to the
referring physician on the same date of the study and that a
record of a verbal communication be included in the report.
Reports of emergency studies should be issued within
24 hours, and elective studies should be reported within 2
working days of the procedure.
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references
11.1.

Archiving

The amount of data that can be reconstructed from a cardiac
CT scan is substantial, and most institutions will restrict the
amount of data stored for later retrieval. The minimum data
that need to be stored are:
1. Patient protocol; ECG recording (recommended).
2. Calcium scan and quantification results (required).
3. Cardiac reconstruction least affected by artifacts (best
phase) and optimized with respect to the clinical indication (kernel). If the scan is not “perfect,” alternative
reconstructions of other phases and different kernels
should be included (required).
4. Processed and labeled images displaying identified
pathology (recommended).
5. Wide-field reconstructions including the entire chest.
These reconstructions can have a wide slice thickness
(required).

12.

Conclusions

In summary, the committee believes it is critical to generate
comprehensive reports for cardiac CT. The report should always contain adequate information to support clinical
necessity of the procedure and sufficient description of the
findings to allow clear understanding of the clinical implications of the report. The committee also encourages definitive
and clinically relevant descriptions and conclusions.

Acknowledgments
The authors thank the members of the Guidelines Committee:
Jonathon Leipsic, MD, FSCCT, Co-Chair
Leslee J. Shaw, PhD, Co-Chair
Stephan Achenbach, MD, FSCCT
B. Kelly Han, MD
Richard George, Jr., MD, FSCCT
Mahadevappa Mahesh, MD, FSCCT
GB John Mancini, MD
Paul Schoenhagen, MD

1. Austen WG, Edwards JE, Frye RL, et al. A reporting system on
patients evaluated for coronary artery disease. Report of the
Ad Hoc Committee for Grading of Coronary Artery Disease,
Council on Cardiovascular Surgery, American Heart
Association. Circulation. 1975;51(4 suppl):5e40.
2. Califf RM, Phillips 3rd HR, Hindman MC, et al. Prognostic
value of a coronary artery jeopardy score. J Am Coll Cardiol.
1985;5:1055e1063.
3. Muller DW, Topol EJ, Ellis SG, Sigmon KN, Lee K, Califf RM.
Multivessel coronary artery disease: a key predictor of shortterm prognosis after reperfusion therapy for acute
myocardial infarction. Thrombolysis and Angioplasty in
Myocardial Infarction (TAMI) Study Group. Am Heart J.
1991;121:1042e1049.
4. Goldstein JA, Demetriou D, Grines CL, Pica M, Shoukfeh M,
O’Neill WW. Multiple complex coronary plaques in patients
with acute myocardial infarction. N Engl J Med.
2000;343:915e922.
5. Hoffmann U, Moselewski F, Nieman K, et al. Noninvasive
assessment of plaque morphology and composition in
culprit and stable lesions in acute coronary syndrome and
stable lesions in stable angina by multidetector computed
tomography. J Am Coll Cardiol. 2006;47:1655e1662.
6. Leber AW, Knez A, Becker A, et al. Visualising noncalcified
coronary plaques by CT. Int J Cardiovasc Imaging.
2005;21:55e61.
7. Lin F, Shaw LJ, Berman DS, et al. Multidetector computed
tomography coronary artery plaque predictors of stressinduced myocardial ischemia by SPECT. Atherosclerosis.
2008;197:700e709.
8. Schmid M, Pflederer T, Jang IK, et al. Relationship between
degree of remodeling and CT attenuation of plaque in
coronary atherosclerotic lesions: an in-vivo analysis by
multi-detector computed tomography. Atherosclerosis.
2008;197:457e464.
9. Schuijf JD, Beck T, Burgstahler C, et al. Differences in plaque
composition and distribution in stable coronary artery
disease versus acute coronary syndromes; non-invasive
evaluation with multi-slice computed tomography. Acute
Card Care. 2007;9:48e53.
10. Kaplan S, Aronow WS, Ahn C, et al. Prevalence of an
increased ascending thoracic aorta diameter diagnosed by
two-dimensional echocardiography versus 64-multislice
cardiac computed tomography. Am J Cardiol.
2008;101:119e121.
11. Castorina S, Riccioli V. Heart, aorta, peripheral and supra
aortic trunks imaging realized by MSCT 64. Our experience.
Ital J Anat Embryol. 2007;112:131e143.

354

J o u r n a l o f C a r d i o v a s c u l a r C o m p u t e d T o m o g r a p h y 8 ( 2 0 1 4 ) 3 4 2 e3 5 8

12. Cook SC, Raman SV. Unique application of multislice
computed tomography in adults with congenital heart
disease. Int J Cardiol. 2007;119:101e106.
13. Yiginer O, Bas S, Pocan S, Yildiz A, Alibek S. Incidental
findings of cardiac MSCT: who might benefit from scanning
the entire thorax on Ca score imaging? Int J Cardiol.
2010;140:239e241.
14. Dewey M, Muller M, Eddicks S, et al. Evaluation of global and
regional left ventricular function with 16-slice computed
tomography, biplane cineventriculography, and twodimensional transthoracic echocardiography: comparison
with magnetic resonance imaging. J Am Coll Cardiol.
2006;48:2034e2044.
15. Roberts WT, Bax JJ, Davies LC. Cardiac CT and CT coronary
angiography: technology and application. Heart.
2008;94:781e792.
16. Sarin S, Wenger C, Marwaha A, et al. Clinical significance of
epicardial fat measured using cardiac multislice computed
tomography. Am J Cardiol. 2008;102:767e771.
17. Henneman MM, Schuijf JD, Dibbets-Schneider P, et al.
Comparison of multislice computed tomography to gated
single-photon emission computed tomography for imaging
of healed myocardial infarcts. Am J Cardiol.
2008;101:144e148.
18. Brodoefel H, Reimann A, Klumpp B, et al. Sixty-four-slice CT
in the assessment of global and regional left ventricular
function: comparison with MRI in a porcine model of acute
and subacute myocardial infarction. Eur Radiol.
2007;17:2948e2956.
19. Habis M, Capderou A, Ghostine S, et al. Acute myocardial
infarction early viability assessment by 64-slice computed
tomography immediately after coronary angiography:
comparison with low-dose dobutamine echocardiography.
J Am Coll Cardiol. 2007;49:1178e1185.
20. Ryan R, Abbara S, Colen RR, et al. Cardiac valve disease:
spectrum of findings on cardiac 64-MDCT. AJR Am J
Roentgenol. 2008;190:W294e303.
21. Lemola K, Sneider M, Desjardins B, et al. Computed
tomographic analysis of the anatomy of the left atrium and
the esophagus: implications for left atrial catheter ablation.
Circulation. 2004;110:3655e3660.
22. Kramer CM, Budoff MJ, Fayad ZA, et al. ACCF/AHA 2007
clinical competence statement on vascular imaging with
computed tomography and magnetic resonance. A report of
the American College of Cardiology Foundation/American
Heart Association/American College of Physicians Task
Force on Clinical Competence and Training. J Am Coll Cardiol.
2007;50:1097e1114.
23. Beller GA, Bonow RO, Fuster V. ACCF 2008 recommendations
for training in adult cardiovascular medicine core cardiology
training (COCATS 3) (revision of the 2002 COCATS Training
Statement). J Am Coll Cardiol. 2008;51:335e338.
24. Weinreb JC, Larson PA, Woodard PK, et al. American College
of Radiology clinical statement on noninvasive cardiac
imaging. Radiology. 2005;235:723e727.
25. Budoff MJ, Cohen MC, Garcia MJ, et al. ACCF/AHA clinical
competence statement on cardiac imaging with computed
tomography and magnetic resonance: a report of the
American College of Cardiology Foundation/American Heart
Association/American College of Physicians Task Force on
Clinical Competence and Training. J Am Coll Cardiol.
2005;46:383e402.
26. Beller GA. A proposal for an advanced cardiovascular
imaging training track. J Am Coll Cardiol. 2006;48:1299e1303.
27. Achenbach S, Ropers D, Kuettner A, et al. Contrastenhanced coronary artery visualization by dual-source
computed tomographydinitial experience. Eur J Radiol.
2006;57:331e335.

28. Bluemke DA, Achenbach S, Budoff M, et al. Noninvasive
coronary artery imaging: magnetic resonance angiography
and multidetector computed tomography angiography: a
scientific statement from the American Heart Association
committee on cardiovascular imaging and intervention of
the Council on Cardiovascular Radiology and Intervention,
and the Councils on Clinical Cardiology and
Cardiovascular Disease in the Young. Circulation.
2008;118:586e606.
29. Flohr T, Kuttner A, Bruder H, et al. Performance evaluation of
a multi-slice CT system with 16-slice detector and increased
gantry rotation speed for isotropic submillimeter imaging of
the heart. Herz. 2003;28:7e19.
30. Halliburton SS, Stillman AE, Flohr T, et al. Do segmented
reconstruction algorithms for cardiac multi-slice
computed tomography improve image quality? Herz.
2003;28:20e31.
31. Ohnesorge B, Flohr T, Becker C, et al. Cardiac imaging by
means of electrocardiographically gated multisection spiral
CT: initial experience. Radiology. 2000;217:564e571.
32. Ropers D, Baum U, Pohle K, et al. Detection of coronary
artery stenoses with thin-slice multi-detector row spiral
computed tomography and multiplanar reconstruction.
Circulation. 2003;107:664e666.
33. Giesler T, Baum U, Ropers D, et al. Noninvasive visualization
of coronary arteries using contrast-enhanced multidetector
CT: influence of heart rate on image quality and stenosis
detection. AJR Am J Roentgenol. 2002;179:911e916.
34. Cademartiri F, Mollet N, Lemos PA, et al. Standard versus
user-interactive assessment of significant coronary stenoses
with multislice computed tomography coronary
angiography. Am J Cardiol. 2004;94:1590e1593.
35. Vogl TJ, Abolmaali ND, Diebold T, et al. Techniques for
the detection of coronary atherosclerosis: multi-detector
row CT coronary angiography. Radiology.
2002;223:212e220.
36. Kerl JM, Hofmann LK, Thilo C, Vogl TJ, Costello P, Schoepf UJ.
Coronary CTA: image acquisition and interpretation. J Thorac
Imaging. 2007;22:22e34.
37. Lu B, Dai RP, Jiang SL, et al. Effects of window and threshold
levels on the accuracy of three-dimensional rendering
techniques in coronary artery electron-beam CT
angiography. Acad Radiol. 2001;8:754e761.
38. Funabashi N, Kobayashi Y, Perlroth M, Rubin GD. Coronary
artery: quantitative evaluation of normal diameter
determined with electron-beam CT compared with cine
coronary angiography initial experience. Radiology.
2003;226:263e271.
39. Funabashi N, Kobayashi Y, Kudo M, et al. New method of
measuring coronary diameter by electron-beam computed
tomographic angiography using adjusted thresholds
determined by calibration with aortic opacity. Circ J.
2004;68:769e777.
40. Dewey M, Schnapauff D, Laule M, et al. Multislice CT
coronary angiography: evaluation of an automatic vessel
detection tool. Rofo. 2004;176:478e483.
41. Ferencik M, Ropers D, Abbara S, et al. Diagnostic accuracy of
image postprocessing methods for the detection of coronary
artery stenoses by using multidetector CT. Radiology.
2007;243:696e702.
42. Voros S, Rivera JJ, Berman DS, et al. Guidelines for
minimizing radiation exposure during acquisition of
coronary artery calcium scans with the use of multidetector
computed tomography: a report by the Society for
Atherosclerosis Imaging and Prevention Tomographic
Imaging and Prevention Councils in collaboration with the
Society of Cardiovascular Computed Tomography. JCCT.
2011;5:75e83. 43.

J o u r n a l o f C a r d i o v a s c u l a r C o m p u t e d T o m o g r a p h y 8 ( 2 0 1 4 ) 3 4 2 e3 5 8

43. Fukjioka C, Funama Y, Kiguchi M, et al. Coronary artery
calcium scoring on different 64-detector scanners using lowtube voltage (80kVp). Acad Radiol. 2012;19:1402e1407.
44. Nakazato R, Dey D, Gutstein A, et al. Coronary artery calcium
scoring using a reduced tube voltage and radiation dose
protocol with dual-source computed tomography. JCCT.
2009;3:394e400.
45. Deprez FC, Vlassenbroek A, Ghaye B, Raaijmakers R,
Coche E. Controversies about effects of low-kilovoltage
MDCT acquisition on Agatston calcium scoring. JCCT.
2013;7:58e61.
46. Ghadri J, Goetti R, Fiechter M, et al. Inter-scan variability of
coronary artery calcium scoring on 64-multidetector
computed tomography vs. dual-source computed
tomography: a head-to-head comparison. Eur Heart J.
2011;32:1865e1874.
47. Dey D, Nakazato R, Pimentel R, et al. Low radiation coronary
calcium scoring by dual-source CT with tube current
optimization based on patient body size. JCCT.
2012;6:113e120.
48. Marwan M, Mettin C, Pflederer T, et al. Very low-dose
coronary artery calcium scanning with high-pitch spiral
acquisition mode: comparison between 120-kV and 100-kV
tube voltage protocols. JCCT. 2013;7:32e38.
49. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR,
Viamonte Jr M, Detrano R. Quantification of coronary artery
calcium using ultrafast computed tomography. J Am Coll
Cardiol. 1990;15:827e832.
50. Yaghoubi S, Tang W, Wang S, et al. Offline assessment of
atherosclerotic coronary calcium from electron beam
tomograms. Am J Card Imaging. 1995;9:231e236.
51. Callister TQ, Cooil B, Raya SP, Lippolis NJ, Russo DJ, Raggi P.
Coronary artery disease: improved reproducibility of
calcium scoring with an electron-beam CT volumetric
method. Radiology. 1998;208:807e814.
52. Hong C, Becker CR, Schoepf UJ, Ohnesorge B, Bruening R,
Reiser MF. Coronary artery calcium: absolute quantification
in nonenhanced and contrast-enhanced multi-detector row
CT studies. Radiology. 2002;223:474e480.
53. Rutten A, Isgum I, Prokop M. Coronary calcification:
effect of small variation of scan starting position on
Agatston, volume, and mass scores. Radiology.
2008;246:90e98.
54. Rumberger JA, Kaufman L. A Rosetta stone for coronary
calcium risk stratification: Agatston, volume, and mass
scores in 11,490 individuals. AJR Am J Roentgenol.
2003;181:743e748.
55. Ebersberger U, Eilot D, Goldenberg R, et al. Fully automated
derivation of coronary artery calcium scores and
cardiovascular risk assessment from contrast-medium
enhanced coronary CT angiography studies. Euro Radiol.
2013;23:650e657.
56. Kurata A, Dharampal A, Dedic A, et al. Impact of iterative
reconstruction on CT coronary calcium quantification. Euro
Radiol. 2013;23:3246e3252.
57. Otton JM, Lonborg JT, Boshell D, et al. A method for coronary
artery calcium scoring using contrast-enhanced computed
tomography. JCCT. 2012;6:37e44.
58. Mylonas I, Alam M, Amily N, et al. Quantifying coronary
artery calcification from a contrast-enhanced cardiac
computed tomographic angiography study. Eur Heart J
Cardiovasc Imaging. 2014;15:210e215.
59. Detrano R, Guerci A, Carr JJ, et al. Coronary calcium as a
predictor of coronary events in four racial or ethnic Groups.
N Engl J Med. 2008;358:1336e1345.
60. Achenbach S, Giesler T, Ropers D, et al. Comparison of image
quality in contrast-enhanced coronary-artery visualization
by electron beam tomography and retrospectively

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

355

electrocardiogram-gated multislice spiral computed
tomography. Invest Radiol. 2003;38:119e128.
Ferencik M, Moselewski F, Ropers D, et al. Quantitative
parameters of image quality in multidetector spiral
computed tomographic coronary imaging with
submillimeter collimation. Am J Cardiol. 2003;92:1257e1262.
Wintersperger BJ, Nikolaou K, von Ziegler F, et al. Image
quality, motion artifacts, and reconstruction timing of 64slice coronary computed tomography angiography with
0.33-second rotation speed. Invest Radiol. 2006;41:436e442.
Weigold WG, Abbara S, Achenbach S, et al. Standardized
medical terminology for cardiac computed tomography: a
report of the Society of Cardiovascular Computed
Tomography. Cardiovasc Comput Tomogr. 2011;5(3):136e144.
Myocardial infarction and mortality in the coronary artery
surgery study (CASS) randomized trial. N Engl J Med.
1984;310:750e758.
Budoff MJ, Dowe D, Jollis JG, et al. Diagnostic performance of
64-multidetector row coronary computed tomographic
angiography for evaluation of coronary artery stenosis in
individuals without known coronary artery disease: results
from the prospective multicenter ACCURACY (Assessment
by Coronary Computed Tomographic Angiography of
Individuals Undergoing Invasive Coronary Angiography)
trial. J Am Coll Cardiol. 2008;52:1724e1732.
Raff GL, Gallagher MJ, O’Neill WW, Goldstein JA. Diagnostic
accuracy of noninvasive coronary angiography using 64slice spiral computed tomography. J Am Coll Cardiol.
2005;46:552e557.
Miller JM, Rochitte CE, Dewey M, et al. Diagnostic
performance of coronary angiography by 64-row CT. N Engl J
Med. 2008;359:2324e2336.
Achenbach S, Moselewski F, Ropers D, et al. Detection of
calcified and noncalcified coronary atherosclerotic plaque by
contrast-enhanced, submillimeter multidetector spiral
computed tomography: a segment-based comparison with
intravascular ultrasound. Circulation. 2004;109:14e17.
Cheng V, Gutstein A, Wolak A, et al. Moving beyond binary
grading of coronary arterial stenoses on coronary
computed tomographic angiography: insights for the
imager and referring clinician. J Am Coll Cardiol Img.
2008;1:460e471.
Min JK, Shaw LJ, Devereux RB, et al. Prognostic value of
multidetector coronary computed tomographic angiography
for prediction of all-cause mortality. J Am Coll Cardiol.
2007;50:1161.
Yokoyama N, Yamamoto Y, Suzuki S, et al. Impact of 16-slice
computed tomography in percutaneous coronary
intervention of chronic total occlusions. Catheter Cardiovasc
Interv. 2006;68:1e7.
Sheth TN, Rieber J, Mooyaart EA, et al. Usefulness of
coronary computed tomographic angiography to assess
suitability for revascularization in patients with significant
coronary artery disease and angina pectoris. Am J Cardiol.
2006;98:1198e1201.
von Erffa J, Ropers D, Pflederer T, et al. Differentiation of
total occlusion and high-grade stenosis in coronary CT
angiography. Eur Radiol. 2008;18:2770e2775.
Achenbach S, Moshage W, Ropers D, Nossen J, Bachmann K.
Noninvasive, three-dimensional visualization of coronary
artery bypass grafts by electron beam tomography. Am J
Cardiol. 1997;79:856e861.
Ropers D, Ulzheimer S, Wenkel E, et al. Investigation of
aortocoronary artery bypass grafts by multislice spiral
computed tomography with electrocardiographic-gated
image reconstruction. Am J Cardiol. 2001;88:792e795.
Lu B, Dai RP, Zhuang N, Budoff MJ. Noninvasive assessment
of coronary artery bypass graft patency and flow

356

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

J o u r n a l o f C a r d i o v a s c u l a r C o m p u t e d T o m o g r a p h y 8 ( 2 0 1 4 ) 3 4 2 e3 5 8

characteristics by electron-beam tomography. J Invasive
Cardiol. 2002;14:19e24.
Enzweiler CN, Wiese TH, Petersein J, et al. Diameter changes
of occluded venous coronary artery bypass grafts in electron
beam tomography: preliminary findings. Eur J Cardiothorac
Surg. 2003;23:347e353.
Meyer TS, Martinoff S, Hadamitzky M, et al. Improved
noninvasive assessment of coronary artery bypass grafts
with 64-slice computed tomographic angiography in an
unselected patient population. J Am Coll Cardiol.
2007;49:946e950.
Kruger S, Mahnken AH, Sinha AM, et al. Multislice spiral
computed tomography for the detection of coronary stent
restenosis and patency. Int J Cardiol. 2003;89:167e172.
Maintz D, Grude M, Fallenberg EM, Heindel W, Fischbach R.
Assessment of coronary arterial stents by multislice-CT
angiography. Acta Radiol. 2003;44:597e603.
Van Mieghem CA, Cademartiri F, Mollet NR, et al. Multislice
spiral computed tomography for the evaluation of stent
patency after left main coronary artery stenting: a
comparison with conventional coronary angiography and
intravascular ultrasound. Circulation. 2006;114:645e653.
Carbone I, Francone M, Algeri E, et al. Non-invasive
evaluation of coronary artery stent patency with
retrospectively ECG-gated 64-slice CT angiography. Eur
Radiol. 2008;18:234e243.
Nakamura K, Funabashi N, Uehara M, et al. Impairment
factors for evaluating the patency of drug-eluting stents and
bare metal stents in coronary arteries by 64-slice computed
tomography versus conventional coronary angiography. Int J
Cardiol. 2008;130:349e356.
Oncel D, Oncel G, Tastan A, Tamci B. Evaluation of coronary
stent patency and in-stent restenosis with dual-source CT
coronary angiography without heart rate control. AJR Am J
Roentgenol. 2008;191:56e63.
Andreini D, Pontone G, Mushtaq S. Coronary in-stent
restenosis: assessment with coronary CT angiography.
Radiology. 2012;265(2):410e417.
Nieman K, Serruys PW, Onuma Y, et al. Multislice computed
tomography angiography for noninvasive assessment of the
18-month performance of a novel radiolucent bioresorbable
vascular scaffolding device: the ABSORB trial (a clinical
evaluation of the bioabsorbable everolimus eluting coronary
stent system in the treatment of patients with de novo
native coronary artery lesions). J Am Coll Cardiol.
2013;62(19):1813e1814.
Serruys PW, Ormiston JA, Onuma Y, et al. A bioabsorbable
everolimus-eluting coronary stent system (ABSORB): 2-year
outcomes and results from multiple imaging methods.
Lancet. 2009;373(9667):897e910.
Mahnken AH, Spuentrup E, Niethammer M, et al.
Quantitative and qualitative assessment of left ventricular
volume with ECG-gated multislice spiral CT: value of
different image reconstruction algorithms in comparison to
MRI. Acta Radiol. 2003;44:604e611.
Coche E, Vlassenbroek A, Roelants V, et al. Evaluation of
biventricular ejection fraction with ECG-gated 16-slice CT:
preliminary findings in acute pulmonary embolism in
comparison with radionuclide ventriculography. Eur Radiol.
2005;15:1432e1440.
Henneman MM, Schuijf JD, Jukema JW, et al.
Comprehensive cardiac assessment with multislice
computed tomography: evaluation of left ventricular
function and perfusion in addition to coronary anatomy in
patients with previous myocardial infarction. Heart.
2006;92:1779e1783.
Ferencik M, Gregory SA, Butler J, et al. Analysis of cardiac
dimensions, mass and function in heart transplant

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

recipients using 64-slice multi-detector computed
tomography. J Heart Lung Transpl. 2007;26:478e484.
Schuijf JD, Bax JJ, Jukema JW, et al. Assessment of left
ventricular volumes and ejection fraction with 16-slice
multi-slice computed tomography; comparison with
2D-echocardiography. Int J Cardiol. 2007;116:201e205.
Annuar BR, Liew CK, Chin SP, et al. Assessment of global and
regional left ventricular function using 64-slice multislice
computed tomography and 2D echocardiography: a
comparison with cardiac magnetic resonance. Eur J Radiol.
2008;65:112e119.
Greupner J, Zimmermann E, Grohmann A, et al. Head-tohead comparison of left ventricular function assessment
with 64-row computed tomography, biplane left
cineventriculography, and both 2- and 3-dimensional
transthoracic echocardiography: comparison with magnetic
resonance imaging as the reference standard. J Am Coll
Cardiol. 2012;59(21):1897e1907.
Maffei E, Messalli G, Martini C, et al. Left and right ventricle
assessment with Cardiac CT: validation study vs. Cardiac
MR. Eur Radiol. 2012;22(5):1041e1049.
Cury RC, Nieman K, Shapiro MD, et al. Comprehensive
assessment of myocardial perfusion defects, regional wall
motion, and left ventricular function by using 64-section
multidetector CT. Radiology. 2008;248(2):466e475.
Lin FY, Devereux RB, Roman MJ, et al. Cardiac chamber
volumes, function, and mass as determined by
64-multidetector row computed tomography: mean values
among healthy adults free of hypertension and obesity. JACC
Cardiovasc Imaging. 2008;1:782e786.
Feuchtner GM, Dichtl W, Friedrich GJ, et al. Multislice
computed tomography for detection of patients with aortic
valve stenosis and quantification of severity. J Am Coll
Cardiol. 2006;47(7):1410e1496.
Lembcke A, Durmus T, Westermann Y, et al. Assessment
of mitral valve stenosis by helical MDCT: comparison
with transthoracic Doppler echocardiography and
cardiac catheterization. AJR Am J Roentgenol.
2011;197(3):614e622.
Smith T, Gurudevan S, Cheng V, et al. Assessment of the
morphological features of degenerative mitral valve disease
using 64-slice multi detector computed tomography.
J Cardiovasc Comput Tomogr. 2012;6(6):415e421.
Feuchtner G, Goetti R, Plass A, et al. Adenosine Stress HighPitch 128-Slice Dual-Source Myocardial Computed
Tomography Perfusion for Imaging of Reversible Myocardial
Ischemia. Circ Cardiovasc Imaging. 2011;4:540e549.
Nakazato R, Tamarappoo BK, Smith TW, et al. Assessment of
left ventricular regional wall motion and ejection fraction
with low-radiation dose helical dual-source CT: comparison
to two-dimensional echocardiography. J Cardiovasc Comput
Tomogr. 2011;5(3):149e157.
Blankstein R, Rogers IS, Cury RC. Practical tips and tricks in
cardiovascular CT: diagnosis of myocardial infarction.
J Cardiovasc Comput Tomogr. 2009;3(2):104e111.
Siemers PT, Higgins CB, Schmidt W, Ashburn W, Hagan P.
Detection, quantitation and contrast enhancement of
myocardial infarction utilizing computerized axial
tomography: comparison with histochemical staining and
99mTc-pyrophosphate imaging. Invest Radiol.
1978;13(2):103e109.
Koyama Y, Matsuoka H, Mochizuki T, et al. Assessment of
reperfused acute myocardial infarction with two-phase
contrast-enhanced helical CT: prediction of left ventricular
function and wall thickness. Radiology. 2005;235(3):804e811.
Nieman K, Cury RC, Ferencik M, et al. Differentiation of
recent and chronic myocardial infarction by cardiac
computed tomography. Am J Cardiol. 2006;98(3):303e308.

J o u r n a l o f C a r d i o v a s c u l a r C o m p u t e d T o m o g r a p h y 8 ( 2 0 1 4 ) 3 4 2 e3 5 8

107. Kurata A, Mochizuki T, Koyama Y, et al. Myocardial
perfusion imaging using adenosine triphosphate stress
multi-slice spiral computed tomography: alternative to
stress myocardial perfusion scintigraphy. Circ J.
2005;69(5):550e557.
108. Blankstein R, Shturman LD, Rogers IS, et al. Adenosineinduced stress myocardial perfusion imaging using dualsource cardiac computed tomography. J Am Coll Cardiol.
2009;54(12):1072e1084.
109. Rochitte CE, George RT, Chen MY, et al. Computed
tomography angiography and perfusion to assess coronary
artery stenosis causing perfusion defects by single photon
emission computed tomography: the CORE320 study. Eur
Heart J. 2014;35:1120e1130.
110. Bamberg F, Becker A, Schwarz F, et al. Detection of
hemodynamically significant coronary artery stenosis:

357

incremental diagnostic value of dynamic CT-based
myocardial perfusion imaging. Radiology.
2011;260(3):689e698.
111. Rossi A, Dharampal A, Wragg A, et al. Diagnostic
performance of hyperaemic myocardial blood flow index
obtained by dynamic computed tomography: does it predict
functionally significant coronary lesions? Eur Heart J
Cardiovasc Imaging. 2014;15(1):85e94.
112. MacMahon H, Austin JH, Gamsu G. Guidelines for
management of small pulmonary nodules detected on CT
scans: a statement of the Fleischner Society. Radiology.
2005;237(2):395e400.
113. National Lung Screening Trial Research Team; Aberle DR,
Adams AM, Berg CD. Reduced lung-cancer mortality with
low-dose computed tomographic screening. NEJM.
2011;365:395e409.

358

J o u r n a l o f C a r d i o v a s c u l a r C o m p u t e d T o m o g r a p h y 8 ( 2 0 1 4 ) 3 4 2 e3 5 8

Appendix

Appendix 1 e Axial coronary anatomy legend1
Segment

Abbreviation

1. Proximal right
coronary artery (RCA)
2. Mid RCA
3. Distal RCA
4. PDA-R
5. Left main (LM)

pRCA

Ostium of the RCA to one-half the distance to the acute margin of heart

mRCA
dRCA
R-PDA
LM

6. Proximal LAD

pLAD

7. Mid LAD
8. Distal LAD
9. D1
10. D2
11. Proximal LCx
12. OM1
13. Mid and distal LCx

mLAD
dLAD
D1
D2
pCx
OM1
LCx

14.
15.
16.
17.
18.

OM2
L-PDA
R-PLB
RI
L-PLB

End of proximal RCA to the acute margin of heart
End of mid RCA to origin of the PDA (posterior descending artery)
PDA from RCA
Ostium of LM to bifurcation of LAD (left anterior descending artery) and LCx (left circumflex
artery)
End of LM to the first large septal or D1 (first diagonal; >1.5 mm in size) whichever is most
proximal
End of proximal LAD to one-half the distance to the apex
End of mid LAD to end of LAD
First diagonal branch D1
Second diagonal branch D2
End of LM to the origin of the OM1 (first obtuse marginal)
First OM1 traversing the lateral wall of the left ventricle
Traveling in the atrioventricular groove, distal to the OM1 branch to the end of the vessel or
origin of the L-PDA (left PDA)
Second marginal OM2
PDA from LCx
PLB from RCA
Vessel originating from the left main between the LAD and LCx in case of a trifurcation
PLB from LCx

OM2
PDA-L
PLB-R
Ramus intermedius
PLB-L

Description

PLB, posterior-lateral branch.
Additional nomenclature may be added, for example, D3, R-PDA2, saphenous vein graft, and mLAD.
1 Definitions derived, adopted, and adjusted from the report by Austen et al.1

